abbreviations ADHD = attention-deficit hyperactivity disorder; ICD-10 = International Classification of Diseases, 10th Revision; IQR = interquartile range; NOS = not otherwise specified; NPD = novel psychiatric disorder; OCD = obsessive-compulsive disorder; PCS = postconcussion syndrome; PCSS = Post-Concussion Symptom Scale; SRC = sports-related concussion; TBI = traumatic brain injury. obJect The objectives of this study were twofold: 1) to examine the prevalence of emotional symptoms among children and adolescents with a sports-related concussion (SRC) who were referred to a multidisciplinary pediatric concussion program and 2) to examine the prevalence, clinical features, risk factors, and management of postinjury psychiatric outcomes among those in this clinical population. methods The authors conducted a retrospective chart review of all patients with SRC referred to a multidisciplinary pediatric concussion program between September 2013 and October 2014. Clinical assessments carried out by a single neurosurgeon included clinical history, physical examination, and Post-Concussion Symptom Scale (PCSS) scoring. Postinjury psychiatric outcomes were defined as a subjective worsening of symptoms of a preinjury psychiatric disorder or new and isolated suicidal ideation or diagnosis of a novel psychiatric disorder (NPD). An NPD was defined as a newly diagnosed psychiatric disorder that occurred in a patient with or without a lifetime preinjury psychiatric disorder after a concussion. Clinical resources, therapeutic interventions, and clinical and return-to-play outcomes are summarized. results One hundred seventy-four patients (mean age 14.2 years, 61.5% male) were included in the study. At least 1 emotional symptom was reported in 49.4% of the patients, and the median emotional PCSS subscore was 4 (interquartile range 1-8) among those who reported at least 1 emotional symptom. Overall, 20 (11.5%) of the patients met the study criteria for a postinjury psychiatric outcome, including 14 patients with an NPD, 2 patients with isolated suicidal ideation, and 4 patients with worsening symptoms of a preinjury psychiatric disorder. Female sex, a higher initial PCSS score, a higher emotional PCSS subscore, presence of a preinjury psychiatric history, and presence of a family history of psychiatric illness were significantly associated with postinjury psychiatric outcomes. Interventions for patients with postinjury psychiatric outcomes included pharmacological therapy alone in 2 patients (10%), cognitive behavioral therapy alone in 4 (20%), multimodal therapy in 9 (45%), and no treatment in 5 (25%). Overall, 5 (25%) of the patients with postinjury psychiatric disorders were medically cleared to return to full sports participation, whereas 5 (25%) were lost to follow-up and 9 (45%) remained in treatment by the multidisciplinary concussion program at the end of the study period. One patient who was asymptomatic at the time of initial consultation committed suicide. conclusions Emotional symptoms were commonly reported among pediatric patients with SRC referred to a multidisciplinary pediatric concussion program. In some cases, these symptoms contributed to the development of an NPD, isolated suicidal ideation, and worsening symptoms of a preexisting psychiatric disorder. Future research is needed to clarify the prevalence, pathophysiology, risk factors, and evidence-based management of postinjury psychiatric outcomes after pediatric SRC. Successful management of these patients requires prompt recognition and multidisciplinary care by experts with clinical training and experience in concussion and psychiatry.
S portS-related concussion (SRC) is a form of traumatic brain injury (TBI) that affects thousands of children and adolescents annually in Canada and the United States. 42, 51 The clinical presentation of pediatric SRC is highly individualized and often manifests as a combination of physical, cognitive, sleep, and emotional symptoms. Although many pediatric patients will recover to their neurological baseline within 1-4 weeks with an appropriate amount of physical and cognitive rest, 21%-73% of patients will experience symptoms that last longer than 1 month and will be diagnosed with postconcussion syndrome (PCS). 1, 2, 5, 6, 11, 56 Although the impact of pediatric SRC on physical and cognitive functioning has been well documented in previous clinical research studies, 1, 2, [5] [6] [7] 11, 37, 56 there has been little attention paid to the emotional and psychiatric manifestations of this condition. Previous studies have observed novel psychiatric disorders (NPDs) occurring in 10%-100% of children and adolescents with TBI of various severities, including personality changes, attention-deficit hyperactivity disorder (ADHD), behavioral disorders, depression, and anxiety disorders. 4, 21, 22, [26] [27] [28] 30, 31, [33] [34] [35] [36] 49 Children and adolescents with psychiatric disorders are at risk for additional long-term comorbidities such as impaired school performance, 9 social isolation, 48 family dysfunction, 55 substance abuse, 45 and suicidal behavior. 19 Successful management of isolated pediatric mood disorders requires a multidisciplinary approach that includes behavioral and pharmacological treatment options. Treatment of an NPD after TBI is more challenging and requires close collaboration between physicians with specialized clinical training and experience in TBI and psychiatry. 22 Despite increased media and research attention surrounding the relationship between SRC, mood disorders, and suicide in professional athletes, 12, 14, 15, 17, 40, 46, 50, 52 there have been no clinical studies to examine postinjury psychiatric outcomes among an exclusive cohort of pediatric patients with SRC.
Accordingly, the aim of this study was twofold: 1) to examine the prevalence of emotional symptoms at initial consultation among children and adolescents with SRC who were referred to a multidisciplinary pediatric concussion program and 2) to examine the prevalence, clinical features, risk factors, and management of postinjury psychiatric disorders among those in this clinical population.
methods research design and inclusion criteria
A retrospective chart review was performed for all consecutive pediatric patients (aged 19 years or younger) referred to the Pan Am Concussion Program in Winnipeg, Manitoba, Canada, between September 1, 2013, and October 1, 2014. Patients referred with physician-diagnosed acute SRC or PCS secondary to an SRC or patients with a history of SRC and a new psychiatric condition potentially attributable to concussion history were included. This study was approved by the institutional ethics review board at the University of Manitoba.
Definitions
Sports-related concussion was defined according to the International Consensus on Concussion in Sport as an injury caused by the transmission of biomechanical forces to the brain that lead to clinical symptoms affecting multiple domains of physical, cognitive, sleep, and neurobehavioral functioning. 38 For the purposes of this study, acute SRC was defined as a diagnosis of SRC less than 30 days from the time of injury. Similar to previous studies of pediatric SRC, 6, 8, 10, 11 we chose to define PCS according to the International Classification of Diseases, 10th Revision (ICD-10) criteria as the presence of 3 or more concussion symptoms for at least 1 month (30 days) after an SRC. 3 Patients were classified as having fully recovered when they were able to tolerate full-time school, completed the graduated return-to-play protocol set forth by the International Consensus on Concussion in Sport, and no longer met the clinical criteria for vestibulo-ocular dysfunction. 8 Mental health data were used to provide an assessment of each patient's preinjury and postinjury status. Preinjury psychiatric disorder was defined as a self-reported physician-diagnosed psychiatric disorder that was present before any history of concussion or TBI. Previous neuropsychiatry literature has defined NPD as a newly diagnosed psychiatric disorder that occurred in a patient with or without a lifetime preinjury psychiatric disorder after TBI. 22 In this case, a patient who has no preinjury psychiatric history can be diagnosed with an NPD after TBI. In addition, a patient with a previous psychiatric history (i.e., major depressive disorder) can be diagnosed with an NPD (i.e., generalized anxiety disorder) after TBI that was not present before the injury. A patient with a preinjury history of major depressive episode who develops a major depressive episode after TBI would not receive this classification. Therefore, for the purposes of this study, NPD was defined as a newly diagnosed psychiatric disorder that occurred in a patient with or without a lifetime preinjury psychiatric disorder after the patient's most recent concussion. Depressive disorder was classified as a diagnosis of major depressive disorder, major depressive episode, depressive disorder not otherwise specified (NOS), dysthymia, or adjustment disorder with depressed mood. Anxiety disorder was classified as a diagnosis of generalized anxiety disorder, posttraumatic stress disorder, adjustment disorder with anxiety, separation anxiety disorder, or obsessive-compulsive disorder (OCD). For the purposes of this study, patients with a postinjury psychiatric outcome included any patient who developed an NPD, developed subjective worsening symptoms of a preinjury psychiatric disorder, or developed new and isolated suicidal ideation. Postinjury interventions were defined as interventions (medication, cognitive behavioral therapy, etc.) prescribed to a patient after the concussion.
clinical assessments
At the time of initial medical consultation, every patient completed a standardized data-collection form that included demographic data, sport played at the time of concussion, medical history, past concussion history, and family history. At the initial consultation, each patient also completed the Post-Concussion Symptom Scale (PCSS), an inventory that consists of 22 symptoms, classified as physical, cognitive, sleep, or emotional, that are rated on a 7-point (0-6) Likert scale with a maximum score of 132 (6 × 22) . Every patient underwent a clinical history and physical examination by a single neurosurgeon. At the time of the study, a clinical neuropsychologist was not part of the on-site multidisciplinary concussion program. As such, computerized neurocognitive tools were not used as a supplemental tool to confirm the diagnosis of concussion in this cohort. Patients were seen in follow-up at 1-to 4-week intervals, depending on the severity of their symptoms, trajectory of recovery, and availability rather than according to a predesigned controlled research protocol. At each follow-up appointment, every patient completed the PCSS and underwent a clinical interview and follow-up physical examination, as medically indicated, by the neurosurgeon. In general, the patients were managed conservatively with physical and cognitive rest followed by gradual reintegration into full school and sporting activities. Patients who remained symptomatic at 1 month were considered for multidisciplinary management, which included referrals to experts in vestibular or cervical spine physiotherapy, exercise science, headache neurology, neuropsychology, and neuro-ophthalmology. The patients were screened for postinjury psychiatric outcomes by the neurosurgeon based on their PCSS score and clinical interview findings in the follow-up visits. Referrals to mobile crisis, adolescent psychiatry, and clinical neuropsychology were made as medically indicated by the neurosurgeon and not according to any preexisting standardized criteria. Neuroimaging studies were also performed as clinically indicated by the neurosurgeon and not according to any standardized criteria. Interventions were initiated by adolescent psychiatrists, pediatricians, or family medicine physicians.
statistical analysis
The distributions of baseline characteristics for the patients with SRC with and those without a postinjury psychiatric disorder were summarized using proportions for dichotomous/polytomous characteristics and means with standard deviations for continuous characteristics. If a continuous variable was not normally distributed, it was summarized by using the median and interquartile range (IQR). Dichotomous/polytomous clinical characteristics of those with and those without a postinjury psychiatric disorder were compared by using the chi-square test. Continuous clinical characteristics were compared by using the t-test. Statistical differences in medians were determined by using the Wilcoxon rank-sum test. For all statistical tests, a p value of < 0.05 was deemed statistically significant.
results study Population
Between September 1, 2013, and October 1, 2014, 174 patients with SRC (mean age 14.2 years [SD 2.3], 61.5% male) who met the inclusion criteria for the study were evaluated at the multidisciplinary pediatric concussion program. Of these patients, 134 (77.0%) were classified as having acute SRC and 39 (22.4%) were classified as having PCS at the time of initial consultation. One patient was referred for consultation after a newly diagnosed psychiatric disorder that the referring physician suspected was partly attributable to concussion history. The median time from injury to initial consultation for all the patients was 9 days (IQR 6-27). For patients with acute SRC this time was 7 days (IQR 5-11), and for patients with PCS, 80 days (IQR 40-120). The median PCSS score for all the patients was 13 (IQR 4-29). The median PCSS score for patients with acute SRC was 11 , and for patients with PCS, it was 21 (IQR 10-43). Overall, hockey and soccer were the most commonly played sports at the time of injury. Additional characteristics among those who did and those who did not develop a psychiatric disorder are listed in Table 1 .
Prevalence of emotional symptoms among Pediatric Patients with src
Emotional symptoms reported at initial presentation by the patients using the PCSS included symptoms of sadness, nervousness, irritability, and "more emotional" rated on a 7-point Likert scale from 0 (no symptoms) to 6 (severe). As such, the minimal emotional PCSS subscore was 0, and the maximum was 24. At least 1 emotional symptom was reported by 58 patients (43.3%) with acute SRC, 28 (71.8%) with PCS, and 86 (49.4%) in the combined SRC group at initial presentation. The median emotional PCSS subscore was 0 (IQR 0-3) for patients with acute SRC, 4 (IQR 0-10) for patients with PCS, and 0 (IQR 0-4) for the combined SRC cohort. There was no difference between the median emotional PCSS subscores among patients with or those without a preexisting psychiatric disorder (p = 0.06) or family history of psychiatric illness (p = 0.33).
Preinjury Psychiatric status
Medical histories of the patients with SRC in this study revealed that 87 patients (50%) reported at least 1 previous concussion, 16 (9.2%) had migraine or unspecified headaches, and 8 (4.6%) reported an unspecified learning disorder. Preinjury psychiatric disorders were reported by 23 patients (13.2%) with SRC, including ADHD (n = 14 [8.0%]), depressive disorders (n = 4 [2.3%]), anxiety disorders (n = 5 [2.9%]), and Tourette's syndrome (n = 1 [0.6%]).
A family history of psychiatric illness was reported by 28 (16.1%) of the patients with SRC included in the study, and 8 patients (4.6%) with a family history also had a preinjury psychiatric disorder. A family history of psychiatric illness was significantly higher among patients included in the study with a preinjury psychiatric disorder than among those without a family history of psychiatric illness (p = 0.03). Clinical characteristics of pediatric patients with SRC with and those without a postinjury psychiatric disorder are summarized in Table 1 .
Postinjury Psychiatric outcomes and interventions
Of the total sample (n = 174), 2 study patients (1.1%) were referred to mobile crisis, 16 (9.2%) to adolescent psychiatry, and 5 (2.9%) to clinical neuropsychology for psychiatric assessment (Table 2) .
During the study period, 20 (11.5%) of 174 patients met the study criteria for a postinjury psychiatric disorder, including 14 patients diagnosed with an NPD, 2 diagnosed with novel and isolated suicidal ideation, and 4 who experienced subjective worsening symptoms of a preexisting psychiatric disorder (Table 3) . Not including patients who were referred to the multidisciplinary concussion program because of a postinjury psychiatric disorder potentially related to concussion history, the prevalence of a postinjury psychiatric outcome in this study was 10.9%. Among the 20 patients with a postinjury psychiatric disorder, 10 (50%) had a history of preinjury psychiatric disorder and 8 (40%) had a family history of psychiatric illness. Of the 20 patients in this study who developed postinjury psychiatric disorders, 15 (75%) had 1 or 2 lifetime concussions, whereas 5 (25%) had a history of 3 or more lifetime concussions. Psychosocial stress was reported by 12 (60%) of the patients who developed postinjury psychiatric outcomes. In this study, 19 . All postinjury psychiatric disorders were diagnosed by an adolescent psychiatrist and/or a clinical neuropsychologist, except for 1 that was diagnosed by a sports medicine physician before referral to the multidisciplinary concussion program. All diagnoses were made during outpatient consultations, with the exception of 1 patient who required hospital admission for evaluation and stabilization for a new diagnosis of bipolar disorder and 1 patient diagnosed with adjustment disorder with depressed mood and substance abuse after hospital admission for a suicide attempt. At the time of the postinjury psychiatric outcome assessment, 18 (90%) of 20 patients also met the ICD-10 criteria for PCS. Interventions among the 20 patients with postinjury psychiatric outcomes included pharmacological therapy alone for 2 (10%) patients, cognitive behavioral therapy alone for 4 (20%), multimodal therapy for 9 (45%), and no treatment for 5 (25%). Novel pharmacological ther- apies used to treat postinjury psychiatric disorders in this cohort included antidepressants (10 patients), sleep medications (5 patients), stimulants (2 patients), mood stabilizers (1 patient), antianxiety medication (1 patient), and atypical antipsychotic medication (1 patient). A detailed summary of patients with postinjury psychiatric disorders is presented in Table 4 .
return-to-Play status among Patients with Postinjury Psychiatric outcomes
Overall, 5 (25%) of the 20 patients with postinjury psychiatric disorders were medically cleared to return to full sports participation, whereas 5 (25%) were lost to followup and 9 (45%) remained in treatment with the multidisciplinary concussion program at the end of the study period. One patient who was asymptomatic at the time of initial consultation committed suicide.
discussion
In this study, we found that pediatric patients with SRC referred to our multidisciplinary pediatric concussion program commonly endorsed emotional symptoms at initial consultation. At least 1 emotional symptom was reported in 43% of the patients with acute SRC, 72% of the patients with PCS, and 49% of the combined cohort at initial presentation. In the vast majority of patients with acute SRC, emotional symptoms resolved along with physical, cognitive, and sleep-related symptoms, allowing for successful return to play. However, in a small proportion of patients, these symptoms worsened and negatively affected patient functioning. Studies evaluating the presence of individual concussion symptoms among pediatric patients with concussion at different time points of recovery and referral are rare. In 1 study conducted at a tertiary pediatric concussion clinic, emotional symptoms, including depression, frustration, irritability, and restlessness, were reported by 22.9%-27.7% of the patients evaluated less than 72 hours after injury. 7 Emotional symptoms peaked 7 days after injury and decreased to 8.3%-14.7% among patients who remained symptomatic at 28 days. Together, these findings confirm that emotional symptoms are reported in a substantial proportion of pediatric patients with SRC, can Ours is the first study to examine the prevalence, clinical features, risk factors, and management of postinjury psychiatric outcomes among pediatric patients with SRC referred to a multidisciplinary pediatric concussion program. In this study, 11.5% of the patients with SRC experienced a postinjury psychiatric outcome. Fourteen patients developed NPDs, 2 patients developed isolated suicidal ideation, and 4 additional patients experienced worsening symptoms of a preinjury psychiatric disorder. Previous work has suggested a significant association between TBI and psychiatric disorders in children and adolescents, with rates significantly higher than those observed among uninjured 21, 22, 41, 49 and orthopedically injured controls. 32 Novel psychiatric disorders diagnosed among patients with TBI in these studies were heterogeneous and included depressive disorders, anxiety disorders such as generalized anxiety disorder, panic disorder, posttraumatic stress disorder, and OCD, somatoform disorder, ADHD, and behavioral disorders such as oppositional-defiant disorder and conduct disorder. 4, [21] [22] [23] [26] [27] [28] 30, [34] [35] [36] 49 Among the most common NPDs observed among prospective studies has been personality change resulting from a generalized medical condition, which has been diagnosed in up to 40% of pediatric patients after TBI but was not formally assessed in the present study. 22, 36 Clinical variables associated with the development of NPDs after pediatric TBI include history of preinjury psychiatric disorder, family history of psychiatric illness, severity of injury, low socioeconomic status, and preinjury adaptive and intellectual functioning. 20, 22, 25, 31, 34, 54 In addition, psychosocial stress and family functioning have also been identified as important factors that affect the risk of developing NPDs after pediatric TBI. In the present study, patients with SRC who developed a postinjury psychiatric outcome were significantly more likely to be female, to have a preinjury psychiatric disorder, and to have a family history of psychiatric illness.
Multiple concussions and repetitive subconcussive head injuries have been implicated as risk factors for the development of long-term neurological disorders such as depression, dementia, and other neurodegenerative conditions in professional athletes; 14, 18, 40, 47, 52 however, their role in the development of postinjury psychiatric outcomes after pediatric SRC remains understudied. Of the 20 patients who developed postinjury psychiatric outcomes in this study, 75% had a history of 1 or 2 lifetime concussions, whereas 25% had a history of 3 or more lifetime concussions. Although injury severity has been identified as a key predictor of NPD development in the TBI literature, 20, 22, 36 the severity of concussion is difficult to assess clinically among children and adolescents. The mean or median PCSS score has been used in previous pediatric SRC studies as a measure of concussion severity, 8, 10, 43, 44 whereas the use of the emotional PCSS subscore as a measure of psychological health has not been well studied. In this study, patients who reported sadness, nervousness, and feeling more emotional at initial presentation were more likely to develop postinjury psychiatric outcomes. In addition, higher initial PCSS and initial emotional PCSS scores were both associated with the development of a postinjury psychiat- ric outcome. Despite these findings, postinjury psychiatric outcomes did occur in patients who reported no emotional symptoms at initial presentation. In fact, in some cases, emotional PCSS subscores were not substantially elevated during follow-up appointments despite collateral clinical history indicating distressing symptoms of an underlying mood disorder or suicidal ideation. These findings suggest that symptom checklists are insufficient screening tools for postinjury psychiatric outcomes in children and adolescents with SRC and underscore the need for physicians to inquire about symptoms of depression and anxiety, as well as suicidal ideation, during the clinical evaluation irrespective of symptom inventory scores. Injury severity as measured by the initial PCSS score has also been associated with prolonged recovery and the development of PCS in pediatric SRC, 8, 10, 43, 44 which itself may play an important role in the development of psychiatric outcomes. In this study 90% of patients who developed postinjury psychiatric outcomes also met the ICD-10 criteria for PCS at the time of diagnosis. These findings suggest that children and adolescents who develop PCS should also be screened for psychiatric disorders and suicidal ideation.
Given the preinjury and postinjury rates of psychiatric disorders that can exist among pediatric patients with SRC, it is imperative that health care professionals caring for these patients have clinical training in mental health conditions that can potentially affect this population. Multidisciplinary pediatric concussion programs that offer specialized care for these patients should also have well-established partnerships with local mental health resources such as mobile crisis units, pediatric emergency departments, and adolescent psychiatry who can initiate prompt clinical treatment for these patients, especially in the setting of acutely worsening symptoms or suicidal ideation. Treatment options for postinjury psychiatric outcomes are often multimodal and include a combination of pharmacological and cognitive behavioral therapies. As demonstrated here, long-term follow-up by medical experts in TBI and psychiatry is often required.
Return-to-play status among pediatric patients with SRC who develop postinjury psychiatric outcomes is difficult to assess based on the results of this preliminary study. To help inform clinical decision making, future research is needed to evaluate whether the pathophysiological mechanisms that govern postinjury psychiatric outcomes are an expression of an unresolved TBI and thereby modify the risk of future concussion in patients returned to contact and collision sports. At present, there are no evidence-based guidelines directing return-to-play or retirement decision-making in patients who develop NPDs after SRC; as such, each patient must be managed on an individual basis taking into account previous concussion and psychiatric history, current symptoms, neuroimaging findings, and response to treatment.
Among the rare but most tragic of outcomes after pediatric SRC is suicide. Previous studies have suggested that adult 13, 53 and childhood survivors of TBI 19 are at an elevated risk of suicidal behavior. Although some studies have demonstrated neuropathological findings of chronic traumatic encephalopathy among professional football players with a history of concussion and completed suicide, 14, 39, 40, 47 there have been no prospective population-based studies that have demonstrated a causal relationship between concussion and suicide, 15 especially in children and adolescents. In many cases of suicide, comorbid psychiatric illness and psychosocial stress are often contributing factors. In the case of the 1 fatality secondary to suicide in the present study, the patient had a significant concussion history, was previously diagnosed with adjustment disorder with depressed mood after a hospital admission for a previous suicide attempt, and was experiencing a high level of psychosocial stress at the time of the completed suicide. An autopsy was not performed.
The results of the present study must be considered in light of several important limitations. First, we did not use a standardized psychiatric interview to provide comprehensive assessment of both preinjury and postinjury emotional symptoms and psychiatric disorders in all patients referred to the multidisciplinary concussion program. Among the patients referred to adolescent psychiatry, they all underwent formal assessments that included assessing preinjury and postinjury symptoms and psychiatric disorders; however, the incorporation of standardized instruments such as the Schedule for Affective Disorders and Schizophrenia for School-Aged Children, Present and Lifetime Version (K-SADS-PL), which has been used in previous studies, 16, 36 may have led to a more comprehensive assessment of preinjury and postinjury psychiatric disorders. Second, as mentioned, we did not use standardized instruments that assessed for personality change among those referred to adolescent psychiatry. Personality change accounts for a substantial proportion of NPDs detected in previous studies of psychiatric disorders after TBI. 22, 28, 29, 36 Although emotional lability, irritability, and apathy were endorsed among patients in this study, personality change disorders were not captured and likely lowered the prevalence of NPDs observed in this study. Third, studies have demonstrated that family functioning, socioeconomic status, and preinjury adaptive and intellectual function may contribute to the development of NPDs after pediatric TBI. 22, 24, 32 These factors were also not assessed in this cohort of patients and should be considered in future studies. Fourth, although all the patients in this study were provided return-to-learn and return-to-play guidance, adherence to these recommendations was not assessed formally. It is possible that some patients were not compliant with these recommendations and that inadequate amounts of physical and cognitive rest contributed to the development of postinjury psychiatric outcomes in this study. Fifth, we examined the prevalence of emotional symptoms and NPDs among children and adolescents who were referred to a multidisciplinary pediatric concussion program, which in and of itself may have contributed to several limitations. Tertiary concussion clinics may include patients with more severe injuries who are more likely to develop long-term comorbidities associated with TBI, including PCS and psychiatric disorders. These clinics also experience high rates of patients who are lost to follow-up, 8, 44 which can have an impact on study results. In addition, patients are often evaluated at various levels of acuity and are seen in follow-up depending on the severity of their symptoms, trajectory of recovery, and availability and not according to a controlled research protocol. Most important is that the decision to refer any patient for neuropsychological or psychiatric assessment was based not on strict predetermined criteria but almost entirely on the clinical judgment of a neurosurgeon. As such, the findings of this study cannot be used to estimate the risk of developing a postinjury psychiatric outcome among a general population of pediatric patients with SRC. Finally, we did not compare emotional and psychiatric findings among pediatric patients with SRC with those of a control group or a population of patients who did not sustain TBI. Future prospective controlled studies are needed to confirm that postinjury psychiatric outcomes observed after SRC are attributable to TBI and not just injury alone.
Despite these methodological limitations, our study demonstrates that emotional symptoms are commonly reported at initial consultation among pediatric patients with SRC who are referred to a multidisciplinary pediatric concussion program. In most cases, these symptoms resolved and allowed for a successful return to sporting activities; however, in some cases, they worsened and led to the development of NPDs, isolated suicidal ideation, and worsening symptoms of a preexisting psychiatric disorder. Patients who are female, who report higher levels of emotional and total concussion symptoms at initial consultation, who have a preinjury and/or family history of psychiatric disorders, and who have PCS should be monitored closely for postinjury psychiatric outcomes. All patients with suspected postinjury psychiatric outcomes should be promptly referred to mental health professionals for multidisciplinary assessment, management, and follow-up. Future prospective studies using standardized psychiatric assessment tools that provide comprehensive assessment of preinjury and postinjury mental health, psychosocial stress, family functioning, and socioeconomic status are needed to establish the true risk of developing psychiatric disorders after an SRC. Until such data are available, clinical and return-to-play decision-making should be made on an individual basis by physicians and health care professionals who have had clinical training and experience with concussion, TBI, and psychiatry. 
